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Primary Water Stress Corrosion Crack Growth Analysis - OD Surface Flaw

Developed by Central Engineering Programs, Entergy Operations Inc.
Developed by: J. S. Brihmadesam Verified by: B. C. Gray

References :
1) "Stress Intensity factors for Part-through Surface Cracks"; NASA TM-11707; July 1992.
2) Crack Growth of Alloy 600 Base Metal in PWR Environments; EPRI MRP Report MRP 55 Rev. 1, 2002

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"7.8" Degree Nozzle, 0" Degree Azimuth,
1.544" above Nozzle Bottom

Calculation Basis: MRP 75 th Percentile and Flaw Face Pressurized

Mean Radius -to- Thickness Ratio:- "R /t" -- between 1.0 and 300.0

Note :. Used the Metric form of the equation from EPRI MRP 55-Rev. 1. OD Surface Flaw
The correction is applied in the determination of the crack extension to
obtain the value in inch/hr.

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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Input Data :-

k “a .‘

Depth
L ubeOC
p—

Number,ot:OperatingiYears

[hermalactivation.Energy;for,Crack:Growth {MRB)

Reference il emperature;for;normalizing

od id t }
Ro = - Rid = > t:= R0 - Rid Rm = Rid + 3 T1mOpr = Years-365-24
Tim Iy: R
_ 5 . . opr _|'lim _ L _m
CFinhr = 1.417-10 Cb]k = —_— Pmtblk = ? Co = -5 Rt =—
lim t
e ()
1.103-16~ 3 | T+459.67 T, 459.67
COl =€ 310 ref™ } 0o Temperature Correction for Coefficient Alpha
Developed by: Verified by:

J. S. Bnihmadesam B. C. Gray
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Developed by:
J. 8. Brihmadesam

Co = Co1

Stress Input Data
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75 th percentile MRP-55 Revision 1

Engineering Report
M-EP-2003-004-00

vailable/Nadal stressidatalinithe table:below.y/ heicolumn.designationsiare asifollows:
columng0g=Axialdistanceffrom:minimum.toimaximumzrecorded.on:data;sheet,(inches);
Columnmlm=1D Stress:dataat.each:Elevation (ksi ;
Columng2z= QuartersThicknessiStressidatalateachiElevation (ksi)
Columng3="MidiThickness Stress dataatieach Elevationi(ksi)
Columnigd =i hreeiQuarterg hickness iStressidataiatieach Elevationi(ksi
Columng5Z=I0DIStress;dataatieachiElevationi(ksi
IData :=
0.69 -5.96 -6.67 76 85 917
1.24 5.97 1.89 -1.41 -3.64 -4.89
'3 1.68 27.3 20.8 14.76 9.07 2.76
4 2.04 38.32 34.26 28.39 21.56 142
5] 2.32 46.03 38.24 33.08 32.77 40.16
6 2.55 44.34 40.22 38.94] 4867 60.18
ay 2.73 35.38 36.51 40.84 54.4 68.18
8! 2.92 26.51 32.53 41.33 56.35 69.72
9 3.1 21.36 296 40.6 53.91 66.27
AXLen := AliData® ID 5 = AllData'” OD, | := AllData™
Stress Distribution
80 T T | T | T T T
‘.’E‘ -
=
@
& -
78]
20 L | | ! 1 1 1 1
0 0.5 1 15 2 25 3 35 4 45

Verified by:
B. C. Gray
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AXLen
Axial Elevation above Bottom [inch]

(124 5968 1.891 —1405 —3.639 —4.887)
1.681 27.297 208 14757 9.074 2762
2,035 38.318 34255 28387 21.562 14.198
Data := | 2319 46.033 38236 33.079 3277 40.164
2.546 44342 40223 38935 48.672 60.179
2731 35382 36514 40.837 54397 68.177
\2916 26506 32532 4133 56353 69.718 )

Axl := Data? MD := Data ID := Datal? TQ := Data® QT := Data®® OD := Data

Rip = regress(Axl, 1D, 3) RQT = regress(Axl,QT,3)
Rop = regress(AxI1,0D, 3)

Rpp = regress(Ax1,MD, 3) RTQ = regress(Axl, TQ,3)

FLCntr = RefPoint - <y if Val=1 Flaw center Location Location above Nozzle Bottom
RefPoint if Val=2

RefPoint +¢g otherwise

ULsirs.Dist ~ UTi
— - : p
UTip = FLcnee <o Incgrs.avg = 20

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray



Entergy Operations Inc Appendix C; Attachment 5§ Engineering Report

Central Engineering Programs Page 50f 11 M-EP-2003-004-00

Sat Aug 09 10:21:18 AM 2003

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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Verified by:
B. C. Gray

Developed by.
J. 8. Brihmadesam
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Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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Influence Coefficients - Flaw
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Developed by:

J. S. Brihmadesam

a
C
(¢
C

- Tip -- Uniform
- Tip -- Linear
- Tip -- Quadratic

"c" - Tip -- Cubic

1.5

2

25

Operating time {years}

Engineering Report
M-EP-2003-004-00

C\&

Verified by:
B. C. Gray
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CGRsambi(k’ ) = CGRsambi(k, 6 = CGRsambi(k’ 5) =
0.827 -0.853 0.026
0.827 -0.853 0.026
0.827 -0.853 0.026
0.827 -0.853 0.026
0.827 -0.853 0.026
0.827 -0.853 0.026
0.827 -0.853 0.026
0.827 -0.853 0.026
0.827 -0.853 0.026
0.827 -0.853 0.026
0.827 -0.853 0.026
0.827 -0.853 0.026
0.827 -0.853 0.026
0.827 -0.853 0.026
0.827 -0.853 0.026
0.827 -0.853 0.026
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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ID Distribution
—a—— OD Distribution
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Developed by: Verified by:
J. 8. Bihmadesam B. C. Gray
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——— Depth Point {"a" tip}
2
202
£
:'g‘
s
T -0.4
&
2
2
2
£-06
2
£
12}
0.8
1.0 T T T T T

Operating Time {years}

C\Z

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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Stress Corrosion Crack Growth Analysis Through-wall flaw

Developed by Central Engineering Programs, Entergy Operations Inc.
Developed by: J. S. Brihmadesam Verified by: B. C. 6ray

Note : Only for use when R, .../7 is between 2.0 and 5.0 (Thick-wall Cylinder)
References :

1) ASME PVP paper PVP-350, Page 143; 1997 {Fracture Mechanics Model}
2) Crack Growth of Alloy 600 Base Metal in PWR Environments; EPRI MRP Report MRP 55 Rev. 1, 2002

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"7.8"degree Nozzle, "0" Degree Azimuth 1.544 inch above Nozzle Bottom

Calculation Reference: MRP 75 th Percentile and Flaw Pressurized

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1.
The correction is applied in the determination of the crack extension to Th roug h Wall

obtain the value in inch/hr . Axial Flaw

Developed by: Verified by:
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Input Data :-

L:=0.25

Initial Crack Length TW axial Based on Stress Distribution. Bottom end of Crack
to be set @ approximately 10ksi.

Numberof:Operatingiyear

eratonm o rack CrowhIoon

-Q 1 1)
d 1.103-1077 \T+459.67 Tert459.67 ||

Co:= e Timgpy := Years-365-24
d i t
Ry _— Ri =-ﬂ t:= Ro — Rj Rm:=Ri+-— CFiphr := 1.417-105

2 2 2
Timg I L
Cplk = P Pty == = l:=—
Iim 50 2

Developed by: Verified by:




Entergy Operations Inc. Appendix C; Attachment 6 Engineering Report
Central Engineering Programs Page 3 of 10 M-EP-2003-004-00

Stress Distribution in the tube. The outside surface is the reference surface for all analysis in accordance with the reference.

Datapj := -
i0; 0 -9.81 -9.21 -9.15 9.1 -9.01
ai 0.69 -5.96 -6.67 -76 -8.5 917
2% 1.24 597 1.89 -1.41 -3.64 -4.89
13 1.68 27.3 20.8 14.76 9.07 2.76
‘47 2.04 38.32 34.26 28.39 21.56 14.2
‘5’ 2.32 46.03 38.24 33.08 32.77 40.16
6 2.55 44.34 40.22 38.94 48.67 60.18
HE 273 35.38 36.51 40.84 54.4 68.18
18 292 26.51 32.53 41.33 56.35 69.72
i9: 3.1 21.36 296 406 53.91 66.27
AllAx] == DataA“( o AllID:= DataA|]< D AllOD := DataA"( 9

Developed by: Verified by:
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80

46.67

Stress [ksi]
"]
(=g

13.33

—3.33

—20

0 0.5 1

— ID Distribution
=== 0D distribution

1.5 2

25

Axial Distance above Bottom [inch]

45

Axl:= Data<0>

Rp = regress(Axl, 1D, 3)

Data:=

(1.24 5.968
1.681 27.297
2.035 38318
2.319 46.033
2.546 44342
2.731 35.382

ID := Data

\2.916 26.506

{(»

1.891
20.8
34.255
38.236
40.223
36.514
32.532

-1.405
14.757
28.387
33.079
38.935
40.837
41.33

-3.639 —4.887)
9.074 2.762
21.562 14.198
3277 40.164
48.672 60.179
54397 68.177
56.353 69.718 )

OD := Data<5)

RoD := regress(Axl, 0D, 3)

Developed by:

Verified by:

T ——
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FLCpr:= BZ - 1

Flaw Center above Nozzle Bottom

ULSyrs.Dist — BZ

IncSirs.avg = 20

Sat Aug 08 11:44:49 AM 2003

Developed by:

Verified by:
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 Flaw Growth -Axial {inch} = -~ 7.
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Developed by:

Verified by:
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Developed by: Verified by:

C W
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Twcpwscc(j 6) = Tchwscc G.7) = TWprscc G.8) =
-1.89 10.066 4.249
-1.89 10.066 4.249
-1.89 10.066 4,249
-1.89 10.066 4.249
-1.89 10.066 4,249
-1.89 10.066 4,249
-1.89 10.066 4.249
-1.89 ' 10.066 4.249
-1.89 10.066 4.249
-1.89 10.066 4,249
-1.89 10.066 4.249
-1.89 10.066 4.249
-1.89 10.066 4,249
-1.89 10.066 4.249
-1.89 10.066 4.249
-1.89 10.066 4.249

Developed by: Verified by:
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Stress Intensity factor {ksi*in*0.5}

Hoop Stress Plot

\

Bottom of Weld

2 3 4

Distance from Nozzle Bottom {inch}

T 0
—o—— ID Hoop Stress
—o— OD Hoop Stress
50
.;5:
@ Top of Blind Zone
b
£ 30
7}
a
o
3 4
T
10 —
10
T
1
101 |—— OD Surface SIF
—— ID Surface SIF
—— Average SIF
6
2
=2
T T T a5 T
0 1 2 3 4

Operating Time {years}

Developed by:

Verified by:

ClB
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10
0.8
§
: 0.6
4
g 0.4 -
o
0.2 A
0.0
0 1 2 3 s

Operating Time {years}

Developed by: Verified by:
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Primary Water Stress Corrosion Crack Growth Analysis 1D flaw;
Developed by Central Engineering Programs, Entergy Operations Inc.

Developed by: J. S. Brihmadesam Verified by: B. C. Gray

References :
1) "Stress Intensity factors for Part-through Surface Cracks”; NASA TM-11707; July 1992.
2) Crack Growth of Alloy 600 Base Metal in PWR Environments; EPRI MRP Report MRP 55 Rev. 1, 2002

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"7.8" Degree Nozzle, "180" Degree Azimuth,
1.544" above Nozzle Bottom

Calculation Basis: MRP 75 th Percentile and Flaw Face Pressurized

Mean Radius -to- Thickness Ratio:- "let" -- between 1.0 and 300.0

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1.
The correction is applied in the determination of the crack extension to ID S u rface Flaw
obtain the value in inch/hr .

Developed by: Verified by:
J. 8. Brihmadesarm B. C. Gray
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od id t .
R, = > Riq = - t:=R,—-Ry4 R, =Ryg+ 3 Tim,,, := Years-365-24
Tim Iy: R
_ 5 . opr _ lim _ L ] m
CFinhr = 1417-10 Cblk = —Il— Pmtblk = _ST CO = —2' Rt = ’T
im

li ; Qg [ 1 l \i|
1.103-1073 | T+45967 T 459.67
CO] = ¢ 03 ref " ) g Temperature Correction for Coefficient Alpha

Developed by:

Verified by:
J. 8. Brihmadesam

B. C. Gray
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CO = COl 75 h percentile MRP-55 Revision 1

AllData =

0

RE 0.87 7.24 8.09 916 710.19 10,92
2 156 7.09 137 52 8.85 10.87
3 211 26,69 2513 16.28 5.76 383
"4: 2.56 42.76 38.92 31.48 20.34 8.75
5 2.91 48.94 41,13 35.13 34.23 39.32
6J 3.2 45.13 41.6 40.21 49.38 59.16
‘7‘- 3.38 35.68 37.24 42.05 56.34 70.07
‘8‘; 3.56 27.84 33.63 43.01 58.94 70.86
9: 3.74 24.12 31.11 43.1 58.31 6967

AXLen := AllData®® ID sy := AllData\" OD Ay = AllData™”

Verified by:

Developed by:
B. C. Gray

J. 8. Brihmadesam
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(0.865 —7.337 —8.091 —9.159 -—10.193 —-10.923\
1.558 7.091 1373 -—5.197 —8.848 —10.873
2,113 26.693 25.132 16282 5761 —3.828
2.558 42764 38917 31.475 20.343 8.754

Data :=
2914 48936 41.129 35.127 34232 39.321
32 45.128 416 40.213 49384 59.156
3379 35.68 37.241 42.049 56338 70.072
L3.559 27.845 33.635 43.013 58939 70.865 )
Axl = Data(0> MD = Data<3) ID = Data(I> TQ = Data<4> QT = Data<2> OD = Data<5)
Rip := regress(Axl,1D,3) RQT := regress(Axl1,QT,3)

ROD = regress(Axl, 0D, 3)
Ryp = regress(Ax1,MD, 3) RTQ = regress(Ax1, TQ,3)

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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FLCntr = Refp oint — €0 if Val=1 Flaw center Location above Nozzle Bottom
RefPoint if Val=2

RefPoint +¢g otherwise

ULStrs.Dist ~ UTi
— — : p
Utip = FLCntr + €0 Incgirs avg = 20

{} Sat Aug 09 10:59:39 AM 2003

Developed by: Verified by:
J. 8. Brihmadesam B. C. Gray
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;_Pfopl;ehrg’th = 149

1Flaw,GtoWih:iﬁ'Déptli Direction -

Engineering Report
M-EP-2003-004-00

. 1.0'4 =

0.2 ~. .‘_' e b'r‘ TR

v"Flkaiﬂ"”Gr(‘)Mh -Depth- {mch} o B

e T L T I e Y T S Y A

. Operating Time {years} -~

. 1;5:V':¥;‘f:v

: Fiaw‘Groy\i/tl'{‘-‘Léngt‘_‘h-._ {incﬁ} = oL
‘ ST . :
(¥ )
T

~

T I'AI LA s | T

0 S . Lo 15 2287 . 3. 35S
- T Operating Time _{years} -

Developed by:
J. S. Brihmadesam

Verified by:
B. C. Gray
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Verified by:
B. C. Gray

Developed by:
J. S. Brihmadesam
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C\

Developed by: Veerified by:
J. S. Brihmadesam B. C. Gray
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CGRsambi(k’s) = CGRsambi(k’Q = CGRsambi(k, 5 =
1.103 3.627 3.042
1.103 3.627 3.042
1.103 3.627 3.042
1.103 3.627 3.042
1.103 3.627 3.042
1.103 3.627 3.042
1.103 3.627 3.042
1.103 3.627 3.042
1.103 3.627 3.042
1.103 3.627 3.042
1.103 3.627 3.042
1.103 3.627 3.042
1.103 3.627 3.042
1.103 3.627 3.042
1.103 3.627 3.042
1.103 3.627 3.042
Developed by: Verified by:

J. 8. Brihmadesam B. C. Gray
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ID Hoop Stress
OD Hoop Stres

Axial

0.07

0.06 -

Crack Depth {inch}
o
b4
)

0.02 T - T T - T T
o] 1 2 3 4
Operating Time {years}

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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J. S. Brihmadesam
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0.5

S 5] o
o &7 »
1 1 1

Crack Growth in Length Direction {inch}

o
w
L

-0.5

——— SIF Depth Point
| —— SIF Surface Point

2
Operating Time {years}

Engineering Report
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T

Verified by:
B. C. Gray
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Primary Water Stress Corrosion Crack Growth Analysis - OD Surface Flaw

Developed by Central Engineering Programs, Entergy Operations Inc.
Developed by: J. S. Brihmadesam Verified by: B. C. 6ray

References :
1) "Stress Intensity factors for Part-through Surface Cracks"; NASA TM-11707; July 1992.
2) Crack Growth of Alloy 600 Base Metal in PWR Environments; EPRI MRP Report MRP 55 Rev. 1, 2002

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"7.8" Degree Nozzle, "180" Degree Azimuth,
1.544" above Nozzle Bottom

Calculation Basis: MRP 75 th Percentile and Flaw Face Pressurized

Mean Radius -to- Thickness Ratio:- "R /t" -- between 1.0 and 300.0

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1. OD Surface Flaw
The correction is applied in the determination of the crack extension to
obtain the value in inch/hr .

} g
[$2)
2
Q
.
Q

ess:Distribltionio:be:used inithe’Analysisi{Axialidistanceiabove

Developed by: Verified by:
J. 8. Brhmadesam B. C. Gray
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Input Data :-

Design:Operating Bressure.(internal)

od id t .
R, = - Rig:= > t:=R,-Ryg Ry, =R+ 3 Timg,p,, := Years-365-24
Tim Iy R
opr lim L m
CFinhr = 1.417- 105 Cblk = -—-p Pmtb]k = |— o= Rt =
lim >0 t
-Qq ( 1 R
103 | T+45967 T 459.67
1.103-10
CO] =€ ref* } ‘0 Temperature Correction for Coefficient Alpha
Developed by: Verified by:
J. 8. Brhmadesam

B. C. Gray
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CO = Cyy 75 th percentile MRP-55 Revision 1

Stress Input Data

AllData =

0

B 0.87 -7.34 -8.09 -9.16 -10.19 -10.92
2 1.56 7.09 1.37 52 -8.85 -10.87
3! 2.11 26.69 2513 16.28 5.76 -3.83
‘4 2.56 42.76 38.92 31.48 20.34 8.75
5 2.91 48.94 4113 35.13 34.23 39.32
6 3.2 4513 416 40.21 49.38 59.16
g 3.38 35.68 37.24 42.05 56.34 70.07
8 3.56 27.84 33.63 43.01 58.94 70.86
9! 3.74 24.12 31.11 431 58.31 69.67

AXLen = AllDatal” ID ) = AllData"” OD 4 = AllData’®
Stress Distribution
80 T T | T T T T T T

Stress [ksi]

Verified by:

Developed by:
B. C. Gray

J. 8. Brihmadesam
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AXLen
Axial Elevation above Bottom [inch]

serving the;stressidistributioniselectithe:regioniin the fablezaboveilabeled.Dataaythatirepresentsithe
gionlofiinterest&rhisineedsito:be:doneespecially;for.distributionsithat:have;a.large,compressive,
ress; enozzlebottomland highiensilejstresses:atitheJ-weldlocation®Copy;theiselectioniinithe
overfableticlickion the g Datagstatementbelow.and delete it fromithe editment glype sDataand ihe
Jathcadxequalasigni{Shift-=Colon)ithenlinsertithe;isame:toithelright.ofitheMathcad Equalsisign:below;

pastelsymbo

(0.865 —7.337 —8.091 —9.159 —10.193 —10.923\
1.558 7.091 1373 -—5.197 -—8.848 —10.873
2,113 26.693 25.132 16282 5.761 —3.828

D 2.558 42764 38917 31.475 20.343 8.754
ata =

2914 48936 41.129 35.127 34232 39321
32 45128 416 40213 49384 59.156
3.379 35.68 37241 42.049 56338 70.072

\3.559 27.845 33.635 43.013 58939 70.865 )

Axl = Data<0> MD = Data(3> ID := Da‘fa(1> TQ = Data<4) QT = Data<2> OD = Data<5>
Rip := regress(Axl,ID, 3) RQT = regress(Ax1,QT,3)

Rop := regress(Axl,0D,3)
Ryp = regress(Axl,MD, 3) RTQ = regress(Ax1, TQ,3)

FLCntr = Refp oint — €0 if Val=1 Flaw center Location Location above Nozzle Bottom

RefPoint +¢p otherwise

ULstrs.Dist ~ UTi
— - . p
Urip = Flcntr + <0 Incgyrs avg = 20

Developed by: Verified by:
J. S. Brihmadesam B. C. Gray
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CGRsambi(k, 8) = CGRsambi(k, 6) = GRsambi(k’ 5 =
0.827 575 -3.903
0.827 -5.75 -3.903
0.827 -5.75 -3.903
0.827 -5.75 -3.903
0.827 -5.75 -3.903
0.827 -5.75 -3.903
0.827 -5.75 -3.903
0.827 -5.75 -3.903
0.827 -5.75 -3.903
0.827 -5.75 -3.903
0.827 -5.75 -3.903
0.827 -5.75 -3.903
0.827 -5.75 -3.903
0.827 -5.75 -3.903
0.827 -5.75 -3.903
0.827 -5.75 -3.903
Developed by: Verified by:

J. S. Brihmadesam B. C. Gray
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Developed by: Verified by:
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Stress Corrosion Crack Growth Analysis Through-wall flaw

Developed by Central Engineering Programs, Entergy Operations Inc.
Developed by: J. S. Brihmadesam Verified by: B. C. 6ray

Note : Only for use when R,,,,/7is between 2.0 and 5.0 (Thick-wall Cylinder)
References :

1) ASME PVP paper PVP-350, Page 143; 1997 {Fracture Mechanics Modei}
2) Crack Growth of Alloy 600 Base Metal in PWR Environments; EPRI MRP Report MRP 55 Rev. 1, 2002

Waterford Steam Electric Station Unit 3

Component : Reactor Vessel CEDM -"7.8"degree Nozzle, "180" Degree Azimuth 1.544 inch above Nozzle Bottom

Calculation Reference: MRP 75 th Percentile and Flaw Pressurized

Note : Used the Metric form of the equation from EPRI MRP 55-Rev. 1.
The comrection is applied in the determination of the crack extension to Th I-'OUg h Wall
obtain the value in inch/hr . Axial Flaw

Developed by: Verified by:
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Input Data :-

L:= 025 Initial Crack Length TW axial Based on Stress Distribution. Bottom end of Crack
to be set @ approximately 10ksi.

—Qg 1 1 \
1.103-107 3 \T+459.67 Tp+459.67 )
Co:=¢ .

oge ' Timgpy := Years-365-24
d id t
Ro:= % Rj:= -13 t:=Ry - Rj Rm:=Rj+ 5 CFinphr = l.417-105
Timg I
Cplk = . s Pty = —;lom l:= %
lim

Developed by: Verified by:
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Stress Distribution in the tube. The outside surface is the reference surface for all analysis in accordance with the reference.

Datapj) := —
A3 0.87 -7.34 -8.09 -9.16 -10.19 -10.92
2! 1.56 7.09 1.37 -5.2 -8.85 -10.87
3 2.11 26.69 2513 16.28 5.76 -3.83
4 2.56 4276 38.92 31.48 20.34 8.75
5" 2.91 48.94 41.13 35.13 34.23 39.32
8; 32 45.13 41.6 40.21 49.38 59.16
iz 3.38 35.68 37.24 42.05 56.34 70.07
83 3.56 27.84 33.63 43.01 58.94 70.86
9: 3.74 24.12 31.11 43.1 58.31 69.67
{» {s)

AllAx] == DataA"< o

AllID := Dataaj

AllOD := Datap |y

Developed by:

Verified by:




Entergy Operations Inc. Appendix C; Attachment 9 Engineering Report
Central Engineering Programs Page 4 of 10 : M-EP-2003-004-00

80

63.33

46.67

30

Stress [ksi]

13.33

333

- H H H .

0 0 0.5 1 1.5 2 2.5 3 35 4 4.5 5
Axial Distance above Bottom {[inch]

—— 1D Distribution

- OD distribution

(0.865 ~7.337 —8.091 -9.159 —-10.193 ~10.923)
1.558 7.091 1373 -5.197 -8.848 -10.873
2.113 26.693 25.132 16282 5.761 -3.828
2.558 42.764 38.917 31475 20343 8.754

Data :=
2914 48936 41.129 35.127 34.232 39321
32 45128 41.6 40213 49384 59.156
3.379 35.68 37.241 42,049 56.338 70.072
L3.559 27.845 33.635 43.013 58.939 70.865)
Axl:= Data<0> ID:= Data(l> OD:= Data<5>

RIp := regress(Axl, 1D, 3) Rop := regress(Axl, 0D, 3)

Developed by: Verified by:
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FLCpir:= BZ - 1 Flaw Center above Nozzle Bottom

ULS¢rs.Dist — BZ
20

Incgirs avg =

&} Sat Aug 09 11:44:49 AM 2003

Developed by:

Verified by:
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TWprscc(j’ 6 = TWprscc(j’ ) = TWprscc(j,s) =

-8.961 1.57 -3.639

-8.961 1.57 -3.639

-8.961 1.57 -3.639

-8.961 1.57 -3.639

-8.961 1.57 -3.639

-8.961 1.57 -3.639

-8.961 1.57 -3.639

-8.961 1.57 -3.639

-8.961 1.57 -3.639

-8.961 1.57 -3.639

-8.961 1.57 -3.639

-8.961 1.57 -3.639

-8.961 1.57 -3.639

-8.961 1.57 -3.639

-8.961 1.57 -3.639

-8.961 1.57 -3.639

Developed by:

Verified by:
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1D Hoop
| —=—— OD Hoop Stress b

[—/— OD surface SIF
|l ———— ID Surface SIF
| ——— Average SIF ¢

Developed by: Verified by:
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